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Tho  vit.-L  pigment  acridine  craugo  is  quon tit r. lively  analysed  in  a  on  ecus  solution 
for  its  opectrocccpic  action  in  abccroi*on  and  fluorescence  in  tho  entire  range 
of  concentration  one  pH*  It  is  established  during  the  sweeping  of  the  pH  scale 


•that  tho  pi  sac  at  crisis  in  h  C  If.Vrcn 


vary  cor.  idasr  ly 


respect  to  their  proper  color  and  the  color  *he  f lucre. .-ant  1  ight,  ;  ii 


dissociation  constants  arc  da- tor  .mined  at  2C0,  rend  e.nolJ<?d  to 


-  a  ion  'A-  = 


ss.jo-'-:  /^, 


„r_. 'C-  ,,  .  v=~e  — I.  ^J  *  I  O 

i  st  •*  */0  Ac  already  discovered  by  Strugger, 


the  form  existing  in  tho  neutral  ranji-  :s  the  ueritivo  :„..ovolent  pigment  catic-n 
which  is  extraordinarily  dependent  or.  she  concentration  in  its  optical  behavior. 


Tho  phenomenon  cf  red  ar_i  greor.  flue:*. _ er.: e  rucrc 


;o  analysed 


quantitatively  and  reveals  that  the  acridine  eras  go  cation  force  the  defined 
reversible  associates  that  partly  cair.cida  with  Scheibe >  s  polymers  and  which 
porrat  analogies  with  these  pigmant3  that  associate  to  double  lens  up  to  medium 
\  pijyicnt  concentrations  (10*^)  molar).  Tho  thermodynamic  magnitudes  of  tho  dis¬ 
sociation  constants,  free  dir.  eric  a  ti  on  energy,  heat  toning  and  entropy  importer,  t 
for  tho  formation  of  diners,  are  computed  from  the  equilibria!  eta  to  depending  on 
the  concentration  and  temperature,  based  on  the  data  of  optical  measurement. 

Even  if  no  positive  data  are  available  on  the  numerical  linbogo  of  tho  higher 
associates.,  it  may  nevertheless  be  stebd  with  certainty  that  the  type  of  Scheibo'3 
hi£*  polymer  is  not  involved.  The  characteristic  red  fluorescent  effect  of  con- 
—  centra  ted  pigment  solutions  is  governed  hr r  an  energy  mechanism  that  may  bo  assured 
theoretically,  but  which  has  not  been  fully  established  by  measurements  carried 
but  in  acucous  solutions  heretofore. 


C  •-  -i  *•  .*•>  — *>  y. 


r.t  of  Wublce: 


From  the  large  number  cf  acridine  pigments  utilised  in  ctni; — techniques, 

i 

acridine  erango  has  moved  into  the  f ora. you.. i  bring  tho  last  decade,  ever  since 


•  ■*-  ^  -•  -  -  -  • 


aneellnt  flncrochrcra  for  vital 


2 


shinning  pui-pcor;  in  li'.O  eiualv.sw-cusly  by  Struggcr  (2)  and  iu2:atsch  and 

During  initial  c/.:  .fhyoi  .ole  pic  ml  studies  with  acridine  orange,  Strugger 

noted  r.  remarked'. :  r.'lfir.ivy  cf  the  stain  for  ibo  proteins  of  the  protoplasts 

and  roccgrdcsc  ^  -  --  .s  ability  c-f  sinewing  plant  and  ariosi  cells  rapid'!.;*  end  : 

ca-.-ofilly,  per.-i.ttin  -  their  oicanination  in  a  stained  condition.  This  further 
I  '  °  •  ''  ’■ 

•  jtablisi.ed  t.,vt  aoridino  orange  staining  may  indicate  difforent  conditions  of  the 

plasma  protein,  doacrstratablo  by  fluorescence  microscopy  upon  appropriate 
staining.  Native  (active)  protein  gives  green  fluorescence,  denatured  (dead) 
protein  appears  red.  This  differentiation  was  interpreted  by  Struggor  as  the 
ccnoontratior.  effect  of  the  pigment  upen  electrostatic  adsorption  of  tho  pigment 
cations  in  the  coll  plasma  and  the  changes  In  the  plasma  protein  in  tho  living  or 
dead  cellular  association  were  considered  to  be  the  cause  of  the  dissimilar  storage 
capacity.  The  lethal  rotoplacn  stores  a  great  deal  of  pigment  and  fluoresces 
copper  red,  while  the  living  variety  aosorbs  relatively  little  and,  £or  thi3  reason, 
radiates  a  green  fluorescence.  S trigger  was  led  to  this  assumption  by  subjective 
observation  of  tho  fluorescent  Ugit  of  aqueous  pigment  solutions,  which  show  an 
advancing  shift  of  tha  center  of  fluorescence  from  green  via  yeHowish-grcon, 
yellow,  yellow -oranges j  orange,  ultimately  to  red  in  connection  with  constantly 
altered  concentrations  of  1  :  100,000  -  1  r  100,  Strugger'c  observation  and 
interpretation  of  fluorescence  metachronacia  as  a  concentration  effect  were  un¬ 
equivocally  confirmed  by  Kolbel’s  (h)  work  with  acridine  orange  pigment  storage 
in  living  and  dead  cells. 

The  origin  of  this  "concentration  effect",  i.e.  the  change  in  fluorescent  colors 
I  *.*  .Intioa  to  the  pi  wont  concentration,  had  not  been  subjected  to  detailed 


T;\  . ..  .  from  the  physical-chemical  viewpoint  and  Strugger  therefore  suspected  a 
correlation  to  tho  reversible  polymerization  of  ps  euccisocy  anir.cs  discovered  by 
Tf'-.foc  (r)  at  that  time,  is  will  be  remembered,  unstable  changes  in  tho 


T 


--cul-chcnical  nc'x.on  v’rro  ncbcd  in  this  special  class  of  pi  grants  in  acucGUS 
solution  upon  exceeding  of  the  marginal  c eventration  tied  to  tho  temperature  (at 


20°C  =  7  -  ^ 


10”-'  mol  a/1)  ,  which  were  ex  a: 


■  ■»  -i  v*j— » r* 


.me arar.ee  ei  now 


n-.a-icjv?  ai;ow:'i>  x-cn  a. ..'.."a,  cf  re;-  i.nj-j  flu.,  ''cvrrce.ieo  um  cample . e  ;  •.  "I:  vo:‘  a-  ;  tit  - 
of  the  dyo  eolation,  tinea  these  sudden  changes  in  the  properties  of  pscudo- 
iac  cyanines  are  reversible  with  arbitrary  frequency  by  means  of  temperature 
elevation  or  dilution,  Sbrugger*:?  assumption  wo3  quite  credible  after  his  visual 
observation  of  acridine  orange  had  also  established  a  reversible  behavior  in 


fluorescence.  It  was  the  aim*  of  the  present  study  to  reexamine  ihe  physical- 

a  C  a  -> r.p  l.TLtt-y^Hvs'U.Vi  tu  r_  c  t 

chemical  action  of  in  aqueous  solution  land-  to  discover  "the  origin 

’’  0f  rtoov» .r. torn-  * 

of  the  "concentration  effect"^ and ,  with  it,  of  the.  net achromatic  fluorescent 


effect,  particularly  from  the  correlation  between  absorption  and  emission  based 
on  tho  concentration, 

The  possibility  of  an  extensive  insight  into  the  action  of  this  stain  seemed 
to  be  givon  by  extending  the  study  beyond  tho  biological  rango  of  pH,  i.e.  in 
strongly  acid  and  weakly  alkaline  solution,  as  wall  as  into  tho  area  of  tho 
ultraviolet  spectrum. 

2.  Purification  of  the  Pigment  and  Preparation  of  Solutions 
Earlier  studies  (6)  had  utilised  acridine  orange  furnished  by  tho  Strugger 
Institute;  the  dye  was  later  procured  in  a  "standardized"  form.  The  commercial 
preparation-; us uaily  aro  in  tho  fern  of  sine  chloride  double  salt  which  is  only 
partially  soluabie  in  organic  solvents  and  contains  numerous  irqouritles.  The 
stain  was  thereforo  subjected  to  the  folio-. ring  purification  for  tho  purpose  of 
optical  stuck  ea: 


u 

Aftor  solution  of  the  double  silt  in  alcohol;  the  dissolved  portion  was 
filtered  off  from  insolublo  residues,  strongly  diluted  with  water  and  tho  yellow 

.V  .  « 

dye  base  was  precipitated  with  diluted  NaOK  solution.  Following  rapid  filtration  and 
carcful-desiccation,  tho  base  was  dissolved  in  CHCl^  and  purified  chromato- 
graphically  via  Al^Oy  The  adsorbed  dye  was  subsequently  extracted  with  CHCl-j 
and  tho  solution  was  compressed  intil  crystallized.  The  precipitating  molecular 
compound  contains  1  mole  CKCI3  which  is  oasily  separated  during  vacuum  desiccation. 
The  solvent-free  product  melts  at  180°  -  281°  under  normal  conditions  (molting 
point  of  the  fr <iO  base  according  to  Beilstein  22,  U87  =  180-181°  or  181-182°). 

The  desired  <iyo  salts  were  obtained  in  a  very  pure  state  by  solution  of 
the  pure  £>ase  in  alcohol  and  addition  of  a  corresponding  amount  of  mineral  acid, 
followed  by  precipitation  ;rith  ether.  All  studies  under  discussion  were  con¬ 
ducted  with  oasily  soluble  dye  chloride. 

The  preparation  of  buffer  solutions  were  based  on  tho  "universal  buffer" 
consisting  of  citrate  and  phosphate  mixtures  as  listed  by  Macllvaino  (7), 
covering  the  biologically  significant  range  of  pH  2  -  8.  Alkaline  solutions 
wore  prepared  as  glycocoll  -  NaOH  fixtures  according  to  Kordatzky  (8).  The 
acid  solutions  consisted  of  -  water  mixtures  up  to  the  concentration  of 

78£  sulfuric  acid. 

3.  Measurements  of  Light  absorption  relative  to  concentration,  PH  and 
temporature. 

a.  Apparatus:  Measurements  in  tho  visible  spectral  range  were  conducted 
by  the  photoelectric  deflection  method  with  a  selenium  photoelectric  cell  as  -  -* 

radioaction  receptor.  Using  the  high  intensity  Lei tz -Monochromator  coupled  to 
a  30  W  Wolfram  helical  lamp.  The  range  of  ht2C0  -  6,000  AU  could  be  scanned 
with  a  median  spectral  width  of  the  measuring  light  amounting  to  ItO  -  $0  AU 


5 

T^c  relatively  snail  energy  fraction  of  tho  light  source  as  well  £3  tho  lees 
in  sensitivity  on  the  part  of  the  selenium  photoelectric  cell  in  short  t:nvo 
blue  require  c  ufLificati  on  to  £0  -  ?0  aU  in  this  rang?,  but  even  then, 
absorption  menturomento  with  an  absolute  error  of  mauimnLly  £  are  still 
possiu4.c  a-a  x>'  1  Is  ~rcat  h "If  ai  d'"***  of  the  molecular  bands  (i,CCO  1,^20 
on”*) .  This  fact  has  been  confirmed  repeatedly  through  photographic  measure- 
wen  ts  with  a  spectral  width  of  1  -  3  AU. 

Tho  ultraviolet  spectral  range  was  measured  predominantly  according  to 
the  measuring  principle  of  it  era  (t)  “comparison  spectra"  arranged  after 
Holbsn.  Fortum  and  Ssigetto  (10),  using  an  H2  tube  as  light  source.  Utilising 
the  large  quarts  spectrograph  of  Fucss.  the  spectral  width  amounted  to  0.3  AU 
in  tho  short  wave  ultraviolet  and  1.0  -  1.2  AU  on  the  margin  of  the  visible 
range.  Subsequent  controls  and  measurements  were  also  carried  out  with  tho 
photoelectric  UhJICAM  querts  spectrophotometer  SP  500  which  is  eminently 
suited  for  the  reception  of  quantitative  absorption  curves  in  tho  ultra¬ 
violet  and  visible  areas.  Tho  average  spectral  width  of  tho  measuring  light 
in  this  nobbed  is  U  -  7  AU  in  the  ultraviolet  spectral  range. 

The  instrument  depicted  scheme  tic  ally  in  Figure  1  was  designed  for 
measurements  of  light  absorption  relative  to  tho  temperature.  The  'cuvettes  wish 
the  solutions  are  fastened  to  a  stable  A1  stop  plate  on  a  vertical  carrier, 
equipped  with  2  perforations  with  sleeves.  Th:cc  convqy  th.i  circulating 
fluid  iliich  is  maintained  at1  a  certain  temperature  by  the  thermostat.  The 
cover  plate  will  the  cuvette  support  is  ti&vtly  connected  with  tho  Al  east- 
net  al  housing.  The  lattes'*  having  a  surface- ground  lip.  Plane  parallel  glass 
or  quarts  panes  as’c  inass  tad  baas  and  front,  pss.sx stir. ••  the  _ sion  of 

.  j,  ..Oik'll!'. " Z • .  jnt)  C—  v  '  ’r  •  O  ')  *.  *  00  **  O  *  0 •  "1"  j  * )”*'0 *  "*  " 't  '"' T,“l  q  2  *0**  C  *1  cl  Cl  c 
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optical  runner  and  mrj  be  moved  laterally  between  guide  stops,  "hie  perirdta  ' 
exact  local  reproduction  of  both  cuvettes  for  optical  measurement.  Tho 
device  is  suited  primarily  to  temperature  ranges  in  which  ‘tho  utilised  solvent  'N 
docs  not  as  yet  possess  an  excessively  high  vapor  pressure  and  whore  the 
viscosity  of  tho  thermostat  fluid  is  relatively  low. 
b.  Measuring  Results: 

1.  Relative  to  the  concentration:  Figure  2 'reflects  the 
results  of  absorption  raasure.mcr.ts  related  to  pignent  concentration'  from 
saturation  to  10“6  molar  solution.  All  measurements  were  conducted  at  a 
constant  tomperaturo  of  20°C  and  pH  6.0  of  the  citrate-phosphate  buffer. 

Tho  absolute  salt  concentration  amounted  to  19  g/l.  pH  6.0  was  chosen  for 
two  reasons:  Firstly,  because  the  acridine  or  ago  base  is.  already  entirely 
transformed  to  the  dye  salt  at  this  value  -  which  will  be  proved  later  - 
and  secondly,  because  vital  staining  is  conducted  exclusively  with  neutral 

A  *  :  .  •  •  * 

solutions.  '  '  j,;. ;  '  • 

Figure  2  shows  as  do  all  subsequent  absorption  curves,  tho  dependence 

of  tho  molar  decimal  cxtriction  coefficient  upen  the  wave  number.  The  curve 

progressious  of  tho  various  concentrations  clearly  indicate  that  acridine 

orange  is  governed  by  a  concentration  -  tied  equilibrium  whoso  greatest 

variability  is  shown  in  tho  concentration  range  10“3  -  1CH5  molar.  Beer's 
••  •  '  ' 

las*>  therefore,  is  not  fulfilled  in  tho  entire  concentration  range  tested. 

Asymptotically  derived  marginal  values  are  obtained  only  upon  approaching 

saturation  or  at  dilutions  ^_10“^,  indicating  the  lanJs  validity.  The 

maximum  of  the  characteristic  long  wave  bands  bee  cm  s  static  in  high  dilutions 

connected  with  a  constant  wavo  ursmbeo  of  203I;C0  cr.~^  and  reaches  a  limit 

(c.taminjd  by  extrapolation)  at  a  X  value  of  nearly  6l,0C0  and  a  cor.c  sat  ration 


10  7  -  10  molar,  while  the  short  wave  cccor.ds.rij  band  at  theso  dilution 
xs  indicated  only  by  a  slight  shoulder.  The  secondary  band  proper  becomes 
visible  only  star  tiny  with  concentrations  >  £?10~£  molar;  it  experiences 
an  ir.ial  short  v„ve  shift  by  nor.nl  quant:,  ties  from  its  position  in  the 
concentrate on  r:rg"  f  *  10"^  -  1  -  lo-'"  1  r.’,  and,  starting  with  C  -  10 

r.olar,  ouic.rly  ranches  a  terminal  value  in  the  neighborhood  of  22,1$0  ex.**1 
and  a  K  value  of  29,000. 

Acrxdxr.o  c  ran  ye  reveals  a  bahavior  that  has  been  observed  in 
connection  with  nu.se reus  pigments  and  which  has  been  studied  in  a  similar 
fashion  by  Rabinowitsch  aid  Epstein  (ll)  with  th ionise  and  methylene  bluo 
(123)/.  In  this  ease  the  authors  considered  the  long  irave  primary  band  as 


belonging  to  a  monomeric  ion  and  the  short  wave  secondary  band  Is  belonging 
to  a  dimeric  ion,  and  determined  the  values  of  both  bands  by 'extra¬ 
polation  of  the  experimentally  derived  K  values  to  very  small  (C=0)  and 
vu-,y  largo  (C- or,)  pigment  concentrations .  Under  the  assumption  of  double 
ion  formation  M>/  /  IB/r2  hD^//,  a  comparison  was  undertaken  bo  tween 
computed  end  observed  K  values,  leading  to  confiraation  of  tho  dimerization 


hypothec is. 

As  in  the  ease  of  the  pigments  thiomine  u.rd  methylene  blue,  such 
an  equilibrium  of  A c/  /  ko/=^  kO^  may  also  bo  assumed  for  acridino 
orange  (AO)^  up  to  concentrations  <  10"^  molar,  but  more  concentrated 
relations  must  bo  excluded  from  these  considerations,  since  increasing 
band  shifts  and  displacements  of  intersection  can  only  bo  understood  with 
the  assumption  of  tho  formation  of  higher  associates.  As  shown  by  a 


later  study,  tho  short  wave  band  characteristic  for  a  double  molecule 
...  id  h.nvu  a  center  cf  grav-.v  r.  v  if.  cm"1.  This  value,  her  over. 


to./ard  higher  ‘-a/e  n.sacrs  up  to  saturation.  The  absorption  curves  of 
solutions  <  10~5  molar  clearly  reveal  that  thin  short  vavo  band;(ciitcr 
oi  gravity  at  21,000  ~  21,600  cn""~ )  is  implied  as  a  shoulder  even  at  very 


hi-h  dilutions.  Previous  measurements  of  alcoholic  colutions-^2  j  ialco  : 
sno:;  this  short  xravo  shoulder,  although  no  signs  of  scscciation^artf  present 
and  Deer’s  lau  is  fulfilled  along  a  vd.de  concentration  ran 52.  ;; Moreover, 
since  the  determination  of  the  absolute  height  oi*  the  dimeric  band  in 
aqueous  solution  is  vague  due  to  the  superimposition  of  the  long  wave  primary 

■  ■"  £V'  >  -  i  :  V  ■> 

hand,  thi3  method  was  not  utilised  for  the  demonstration  of  dimeric' formation. 

As  Schcibc  (13)  and  Eckcr  (U:)  alrcac^r  shoved  in  coxnectica.witti  wjoudo- 

J'.  ■ 

i'./ *'■'  ■  '  ‘'■'v  i-V\  ‘  !, 

isocyanine,  the  formation  of  double  ions  nay  be  deduced  with  certainty 


only  fromtho  falling  function  of  the  monomeric  band.  : 

When  an  unknown  number  x  of  monomeric  acridine  orange  cations  AO^ 
combines  to  a  polymer  ?,  the  law  of  mass  action  is: 

A0/)X 


where  is  tho  monomeric  and  Cp  the  polymeric  concentration.  The 

initial  concentration  is  then  composed  of  C  ■=  x  •  C?  /  C.^.Wln- tho 
coso  of  acridine  orange,  the  primary  band  located  at  20,1:00  cm“x  must 

'  '  -  »#§bS#1/ 

bo  considered  as  tho  monomeric  band  which  permits  the  doternihation  of  »\  • 

"  1 

tho  monomeric  concentration  and  the  quality  x  •  Cp  -  CQ  -  C.qV  from 
the  concentration  factor  of  its  Kr.r,v  value,  as  described  in ; noire  detailed^ 

■'s’' '  ‘Vri'v 

balovr.  When  x  is  assumed  to  be  a  constant  in  a  certain  concentration  range r 

-  •  r ;-v  ;• 

’  ...  .  •  VW'‘-  '  '•  •  ;i  • 

the  logarithomicc  of  these  two  values  arc  entered  graphically^'  the  curve  4 

drawn  in  Fig.  3  is  obtained.  The  value  for  x  *  2.0  may  be  derived  from .  - 

■  .  w  ...  -h 

the  inclination  of  tho  curve,  which  represents  a  virtual  line-in  its  median 


.s  .  .  %  4  —  .  ,  .  .  Q 

°  •  -  -cr.  ::.ticn  of  clir.orc  in  rv*  ha  r,f*  ~  ^  j  „  ' 

“*  - ^  i — oi  nusocim  .cn  is 

*  *  — f  - -  aO?  c.oi\Lclino  cran'-G*  Ilir’^oi*  r* c _ c1  c !  rAc g  vc^ 

probable  ns  saturation  is  approached,  but  the  -  proof  of  raro  numerous  iinb- 


Ages  sa.-.not  be 

offered  frc:->.  a 

t sorption  spectra  due 

to 

the  indeter::.:- 

.  then 

of  position  an 

d  height  of  the 

r- . - ■>  .1-  -_.L  ... 

V  l  ^ — *  .^bwLvi  w  .  «  0  «.  U  •  i  w 

IV  c 

bonds . 

The  circa: 

:::o  Inna  c  o  f  m.cnc: 

eerie  bard  d. pendente 

on 
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v:r.s  used  further  in  the  dctc-rr.inc.tion  c_'  tin  d association  constent  !j  and 
free  dice  eolation  energy  All  computations  in  the  concentre. tie.',  range 
in  question  '..ure  based  on  exclusive  dir.or  formation,  subjecting  tin 
dissociation  equilibrium  to  the  following  conditions: 

-t. 


/'  3,"'  c?=  A  cr  .>  ftf  » >*  «.  a. 

■^>0  ~C 


'.hen  the  fraction  of  monomers  is  designated  a  and 
the  equation  changes  to: 
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so  — i-  .  /-^  - 

^  .2-c^ 


'.."here  C  is  the  total  concentration  of  dye,  i.c.  C  =  Ac/  /  2  AO  //. 

The  extinction  coefficient  X,  which  determines  the  concentration  of 
monomers,  is  established  with  due  regard  for  short  wave  superlreposition, 
and  is  applied  to  a  maximal  value  (100#  monomeric  ion)  of  the  monomeric 
band  at  2D,L;0G  cr.~ This  value  lies  at  K  *  6l,C00,  as  already  stated 
Tue  sa.es  relationship  applies  to  the  ultimate  magnitude  of  the  K  value  of 
the  monv-ol.-oular  band  upon  the  approach  of  saturation  concentration,  in 
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terminal  value  can  bo  established  at  X  -  9 ,000, 
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The  rrediar.  dissociation  corn  tar.  t  my  be  established  at  2.2  •  104  l/.r.oI 

fro:.;  die  last  three  values,  the  free  dimerization  energy  ?  at  5*7  K  cal/nol. 
The  increase  in  tho  constant  v:ith  higher  concentrations  can  be  explained 
only  by  tho  a  secant  ion  that  the  dirioric  concentration  included  in  the 
equation  is  too  treat,  i.e.  that  equilibria  of  higher  associates  already 
asso.  c«  themselves  in  the  concentration  range  >  £«10“^  r.olar. 

II.  pH  dependence:  The  curves  in  Fig  U  and  6  shot:  the  dependence 
of  the  absorptions!  process  on  tho  pH  of  the  solution  in  the  visible  and  ultr; 
violet  ppoctral  rn:v*a .  Tee  five  measurements  in  the  neutral  and  weably 
ai: saline  range  represented  in  Fig  1+  remitted  precise  determination  of  tho 
i  •  value  ar.d  the  electrolytic  dissociation  constant.  In  Fig  $,  the  so 
results  have  been  evaluated  for  a  concentration  of  10“-*  molar. 

As  evident  from  Fig  I;  both  types  of  .molecule  possess  a  constant, 
ultimate  X  value  of  the  preceding  or  foil  cuing  form  at  their  characteristic 
r.nuinun  of  20,1:00  and  23,000  csT“,  respectively.  The  evaluable  odesfc 
wutinction  coefficient  of  one  molecular  form  therefore  had  to  be  found 
ire::  the  difference  batsmen  the  reeding  ar.d  the  concentration  -  dependent 
ruion  of  tho  othornuolceulnr  for:.:.  It  '..’ns  assumed  in  this  connection 


ll 

10“6  molar  dyo  solutions  which  had  yielded  a  constant  of  Ki  a  2.U  .  1C-11 
(PK  value  =  10.60)  upon  similar  evaluation.  A  chance  in  this  value  upon 
further  dilution  is  improbable,  since  the  dimeric  concentration  at  10“^ 

■  .*•  ‘  i^'i.  'r**  '  K  • 

molar  amounts  to  only  2  -  3*. 

The  yell  a/  form  with  tho  first  band  maximum  at  23,000  cm**^  which  alone 
exists  in  the  strongly  alkaline  range  starting  with  pH  12,  is  tho  color  base 
i.e.  Tho  electrically  neutral  pigment  molecular  of  the  following  formulation 


Acridine  orange  base. 

The  solubility  of  the  bass  in  water  is  very  poor  die  to  its  hydrophobic 
character,  so  that  10*^  molar  solutions  are  ^ust  able  to  exist  in  molecular 
dispersion  and  therefore  may  be  included  in  comparative  series  of  measure¬ 


ments.  Cataphonotic  studies  of  weakly  alkaline  dye  solutions  in  a 
continuous-current  field  have  confirmed  the  electroneutral  nature  of  this 


molecular  typo  (15)* 

From  the  weakly  alkaline  to  the  neutral  range,  the  first  h/  ion  is 
added  to  the  neutral  molecule,'  whoso  charging  is  practically  terminated 
at  pH6.  The  positive,  monovalent  dyo  cation  which  was  examined  in  the 
preceding  chapter  for  its  concentration  dependence  is  now  formed,  boing 
approximately  described  fcy  tho  indicated  mosomoric  forms.  /• 


that,  changes  in  pH  would  not  alter  the  relative  curvature  of  the  individuals 
duo  to  a  drop  or  rice  in  concentration,  and  that  tho  curves  at  pH  5.0  and  12 .0 
are  characteristic  for  the  two  types  of  molecule.  Tho  first  transition 
range  of  the  <2y$  from  yellow  to  orange  was  established  according  to  tho 
method  with  the  equilibrium  of  its  tiro  forms  (P;r  value)  at  pH  •  10. h$  and 
tho  dissociation  constant  =  3.55  *  10”x^.  The  fact  that  a  genuino 
equilibrium  exists  hero  may  be  recognised  by  the  common  intersection  of  all 
curves  in  the  pi!  range  1.2  -  12  at  22,150  cm"-*-. 

Since  previous  absorption  measurements  had  failed  to  confirm  the  validity 
of  Boer's  law  for  10""^  molar  solutions,  and  the  determination  of  dissociation 
constants  had  initially  been  conducted  at  this  concentration  due  to  technical 
considerations.  An  influence  of  the  equilibrium  of  H /  association  (proto¬ 
tropic  equilibrium)  owing  to  the  continued  supply  of  monomeric  ions  from  tho 
dimeric  equilibrium  had  to  be  assumed,  and  with  it,  a  small  error  in  the 
determined  dissociation  constant. 

Combination  of  the  two  equilibria 

(AOb  *  (H)/  -  X 1  and  .(AO?)/  /  »  . 

— U6j)>  ~  (ao)/  :  (Aoy 

Yields  (AO)/  =  >  / (AO?)//  s  (AOb)  .  (H)/ 

V  KD  Kj 

and  further,  Kj  -  (AQr)  .  (K)/ 
y^D  -ytS02>/~ 

where  AOg  and  AO^  are  tho  concentrations  of  tho  acridine  orange  base  and  tho 
cation  AO/,  respectively,  and  Kj  and  are  the  acid  and  dimeric  dissociation 
constants,  respectively. 

By  insertion  of  the  values  Kp  »  2.2  .  10^  and  (AO2)//  •  1.22  .  10“^ 
for  concentration  C  »  10“5  molar.  The  precise  value  of  Kl  «  2.37  -  10"^- 
(?••  a  10.62)  may  bo  computed.  This  quantity  agrees  superbly  with  the  results 
of  control  measurements  of  pH  -  dependence  of  the  extraction  coefficient  in 


Acridine  Orange  cation 

When  the  first  h/  ion  is  attached  to  the  ring  N  atom,  a  long  resonance 
*  chain  results  for  the  reciprocal  action  with  the  radiation  field,  in  which 
all  N  atoms  that  qualify  as  Charge  carriers,  participate.  Since  proton 
attachment  at  this  point  is  connected  with  an  enlargement  of  the  transitional 
moment  and  promotion  of  the  reciprocal  action  with  tho  radiation  field, 
vigorous  long  wave  absorption  bands  &by  be  expected,  which  indeed  are 
observable  in  the  spectrum.  If,  however,  one  of  the  two  substituent  N  atoms 
is  charged  first,  then  one  auxodorouic  groups  could  be  lost  to  resonance 
with  tho  remaining  JL  electron  system  and  tho  absorption  picture  would 
rosemble  that  of  olectroneutral  3-  or  6-  amlnoacridino  •  Kbasurements  carried 
out  by  Craig  and  Short  (16)  and  Turnbull  (17)  with  monoaminoacrldine  s ,  Tho 
results  of  which  are  partially  entered  in  a  separate  coordinate  system  in 
Fig.  6  for  3-  aminoacridine,  negate. the  second  possibility.  The  above- 
mentioned  authors  studied  similar  problems  in  connection  with  mono- 
substituted  acridines  and  also  found  that  the  ring  nitrogen  is  more  basic 
than  the  substituent  H  aten. 


L 


As  further  sheer,  by  the  curves. in  Figs.  h  and  5,  the  X  value  of  the 


characteristic  band  remains  constant  from  pH  6  to  ca.  pH  l.*»,  i.Q,  The 
positively  monovalent  dye  cation  is  the  only  eras  tins  typo  of  ion.  The 
commencing  drop  of  the  "orange"  dye  band  and  the  simultaneous  increase  in 
extinction  in  tho  long  rave  cpootrol  range,  shov:s  the  beginning  second 
transition  range  of  the  pigment  from  orange  toward  red.  Again  thero  is  an 
icocbostie  point  at  19,550  cn“^  (X  value  16,000)  as  a  characteristic  for  an 
equilibrium  between  t’.;o  forms  of  dye,  of  which  the  red  form  existing  in  the 
acid  range  can  only  bo  twice  iono genic.  Tho  acioxty  range  between  0.1  normal 
and  20 %  I^SO^  has  been  subjected  to  additional  measurements,  which  confirmed 
thi3  intersection.  The  equilibrium  of  the  orange  and  rod  molcculcr  forms 
in  this  ca33  was  determined  from  tho  pH  dependence  of  tho  two  ultraviolet 
absorption  bands  at  33*300  and  37,200  ca"^.  In  the  case  of  ca.  In  ^SO^, 
a  Pjr  value  of  0.U  was  obtained,  corresponding  to  a  dissociation  constant 
of  Ko  -  U  •  10”1. 


Of  the  possible  formulations  that  consider  only  tho  N  Atcm  as  charge 
carrior3,  the  three  essential  ones  are  depicted  below.  Formula  III  is 
imedlately  eliminated,  since  in  this  case  both  auxochromss  would  be  pre¬ 
vented  from  color  combination  and  tho  spectrum  of  free  acridine  would  present 
Thi3  is  not  tho  case,  however,  as  shown  by  the  spectroscopic  findings 
in  Fig.  6.  Cf  tho  remaining  formulas  I  and  II,  the  structure  cf  I  soems 
to  be  tho  more  stablo,  sinco  in  the  case  of  II  tho  ring  N  atom  would  be 
eliminated  from  tho  resonance  of  tho  remaining  electrons  and  the 
rigidity  of  tho  molecule  would  be  considerably  loosened  at  this  point. 
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Formula  I  so  also  supported  by  the  spectrum  of  2-ardr.or.criuino  cation 
based  on  Turnbull 1  s  measurements';  who  in  this  case  proved  the  charge  eft  ho 
ring  H  atorjand  tho  freedom  of  tho  auxcchrcmxc  amino  group.  A  similar 
optical”  molecule _is_ present  also  in  structure  I,  tinea  ono  of  the  sub¬ 
stitutes  is  no  longer  offectivo  optically  duo  to  tho  charge*  In  a  com¬ 
parison  of  tho  appropriate  absorption  curves  in  Fig  6,  this  similarity  is 
easily  recognized  from  tho  form  and  position  of  tho  depicted  long  wave 
bands.  On  tho  <ihor  hand,  formula  II  is  substantiated  by  tho  molecule  *  c 
symnetzy  which,  together  with  tho  extended  reccnanso  path  via  methino 
carbon,  explains  absorption  of  longer  waves.  The  instability  of  the  dyo 
solutions  in  the  range  of  5  -  20J*  KgSO^  also  points  in  this  direction  since 
the  molecule  in  an  activated  state  is  rotated  sli^rtly  from  the  plane 
position  due  to  the  loosening  of  the  ring  N  atom  linkage,  and  the  band 
itself  is  placed  under  great  stress  thereby.  After  storage  of  these 
solutions  of  medium  acidity  for  several  months,  an  irreversible  degradation 
of  the  dyo  was  noted  repeatedly,  whereas  highly  acid  soltuions  revealed  an 
unusual  stability.  Similar  observations  of  instability  with  spectral 
changes  wore  made  also  in  connection  with  the  green  form  of  crystal  violet, 
which  customarily  is  marked  by  extraordinary  instability.  •  Forster  (18) 
offered  a  theoretical  explanation  of  the  optical  behavior  of  this  dyo 
belonging  to  the  triphenyl-methane  series.  rHb  interpreted  the  energy 
cleaverage  during  the  transition  to  malachite  green  or  to  the  green  form 
of  crystal  violet  as  a  neutralization  of  3-fold  energy  degeneration,  fi 
similar  case  of  degeneration  exists  in  tho  positively  monovalent  acridine 
orange  cation.  vJhon  this  degeneration  i3  suppressed  by  charging  one  of  the 


suoat-tur.r.t  ..  moms,  an  cnor-y  cir.avago  G'.vht  to  result  which  indeed  is  dem¬ 
ons  treble  in  tic-  spectres  in  a  Torn  s ir.il- r  to  that  of  crystal  violet.  Thus* 
formula  I  scorn  to  bo  securer!,  especially  since  no*/  the  long  ;/avo  absorption 
and,  possibly,  the  instability  become  clear. 

The  condition  upon  further  increase  in.  acidity  era  again  evident  f  re..: 
Fie.  ^  and,  finally,  from  Fig.  6.  In  the  concentration  range  of  20  -  602 
HofO)  a  the  characteristic  band  ."roup  in  the  visit lo  is  continuously  decreased 
in  its  into ynal  absorption,  making  this  color  change  ths  3-d  transition 
range  of  the  dyo.  Red  coloration  is  completely  absent  in  the  73 2  KpSOj^ 
solution  and  a  weakly  yellow  hue  that  persists  up  to  ?6(t  ^SChj,  indicates 
the  presence  of  a  now  3  times  positivo  molecule.  In  a  series  of  measure¬ 
ments  ,  similar  to  the  preceding  equilibrium  ion  A  gninh  icnA  this  third 
equilibria!  constant  ion  A  ion  A  vas  also  derived  from  the  change 

in  Iy,nv  of  tho  two  characteristic  bands  at  38,700  ca”l  and  Ul,700  cm”1  in 
relation  to  the  H2S0];  concentration  and  established  at  f>1.52  H2S0h  to  be 
K-j  s  l.U  .  103.  The  pH  values  of  the  HpSO^  -  water  mixtures  have  been 
extracted  from  tho  acidity  -  pH  curve  constructed  by  Hammett  (19)  and 
Schwarschbaeh  (20). 

Fig.  6  contains  the  spectroscopic  proof  of  the  fact  that  a  molecular 
typo "of  tho  indicated  constitution  is  involved  in  tho  highly  acid  pH  range 
in  which  both  auxodrcmic  N  atoms  are  neutralised  by  treatment  of  tho  rescnanc 
with  the  aromatic  JL  complex.  The  resulting  chromophono  therefore  must  be 
identical  with  that  of  tho  acridicium  ion.  This  is  actually  the  case,  as 
shown  by  the  absorption  picture  in  Fig.  6.  An  additional  proof  is  tho 
extraordinarily  characteristic  ice-bluo  fluorescence,  whose  bands  coincido 
in  position  and  height  with  those  of  tho  acridinium  ion,  corresponding  to 
the  differences  in  absorption.  Tho  nominal  short  and  long  wave  displacement 


1? 


cf  both  activated  states  is  insignificant  and  is  probably  caused  by  a  *reak 
linkage  of  the  charged  auxedrorao.  Humorous  studies  of  various  authors  (21) 
with  acid  solutions  of  aniline,  pyridine,  dinolino ,  isodinolino.  acridine 
and  anthracene  also  offered  spectroscopic  proofs  of  the  identity  cf  ring  II 
and  C  atoms  in  ar orates,  as  veil  a3  of  the.  ineffectuality  of  the  Img  group 


in  nsalt  formation.” 
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Acridins  orange  cation'"* 

Recent  ranan-spectroscopie  and  cycoscopic  measurements  (22)  of  con¬ 
centrated  ^2^%.  solutions  have  supported  the  assumption  that  ;*uto- 
dissociation  of  K2S0^  to  K^SO^  and  HSO^”  produces  a  highly  acid  cation 
which,  to  all  appearances,  must  be  held  responsible  for  high  acidity  and, 
consequently,  for  the  electromotive  potential.  Schvarzenbach  had  already 
suspected' the  existence  of  a  sulfuraciditsa  ion  in  his  compilation 

of  normal  acidity  potentials  and  the  "supcracid"  acidity -curve ; 


III.  Temperature  dependence:  Fig  7  she vs  measurements  of  temperature  de- 
pondence  of  light  absorption  in  the  visible  range.  Since  the  properties  of 
the  dye  base  forming  in  the  alkaline  range  and  the  bivalent  and  tribalont 
ions  existing  in  the  highly  acid  pK  range  wore  cf  no  further  interest, 
the  effect  of  temperature  mac  examined  only  at  a  median,  neutral  pH  level. 


It  was  shown  by  the  choice  of  a  favorable  radian  eye  concentration  that  a 
tc nr o nature  change  of  about  50°  cancer  the  sane  optical  changes  aa  there 
effected  by  an  increase  or  decrease  in  concentration  by  almost  two  decimal 
powers . 


After  measurements  of  concentration  dependence  in  this  r< 
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essentially  established  a  dimeric  equilibrium,  the  dissociation  constant  K-j 
could  be  computed  as  a  function  of  tho  temperature  from  the  well-known 


relation  K_«  1  1-a  •  The  monoberic  concentration  was  again  determined 

D  c  *  T& 


from  tho  marginal  values  indicated  in  Part  K,  under  consideration  of  band 
overlapping.  The  relation 

*  W  v  C',  ,  _  v;  -T  -i  tv.  i\ 


AT 

Yielded  tho  dimerization  heat  ^ Q  and  the  equation  Zi  S  -  (-AQ  -^F)/t 
produced  the  dins  riaat ion  entropy.  The  results  are  compiled  in  the 
following  table: 
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this  should  explain  the  rr.onir.al  riso  in  entropy  irliih  falling  temperatures. 

A 3  mentioned  in  Tart  K,  the  increase  in  the  value  with  the  concentration 
a. rain  should  be  ascribed  to  the  formation  of  hirher  asrcciatcs. 


h.  Measurements  cl  the  Energy  Distribution 
cf  the  Fluorescence  in  Relation  to  the 
Da-e  Coneontraticn 

a)  Apparatus:  An  Csram-Dp-rasdr.ur.  pressure  lar.p  KBO  200  was  used  as 
exciter  lirht  source;  its  visible  radiation  was  completely  filtered  ’with  a 
Schott  UG  11  filter  and  a  saturated  CuSC^  solution  of  2-3  cn  thickness. 

She  ultraviolet  exciter  radiation  is  then  composed  of  a  weaker  continucnce 
of  3,300  -  3, >00  AU  with  strongly  expanded  lines  s eperinpc s eel  at  3^5  and 


!eo  mu. 


In  order  to  prevent  roabserptien  as  much  as  possible,  work  was 


carried  out 
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c..orc'  values  srA.  further,-  ertoirinnhirn  of  the  err- t;"*  din bribution  r 
fluorescence:  Iren  the  :  assure:'.  dens  it;.*.  In  ccn  Irols  of  utmost  precision, 
the  graduated  comparison  emitter  may  fco  added  at  the  start  of  the  enpe'-ure 
series,  permitting  the  rc check  of  sensitivity  curves.  In  the  care  of  inter¬ 
mediate  values ,  an  appropriate  interpolation  is  race  between  the  upper  and 
the  lover  levels  of  density.  The  expo rare  tiro  for  the  srpesuro  of  fluorescent 
radiation  may  be  matched  with  that  cf  the  VJ  emitter  by  means  of  the  hiph- 
ir.tensity  HfO  2C0  lamp. 

b)  fosults  cf  measurements:  Ftp  5  shove  the  results  of  fluorescence 
measurements  in  relation  to  the  dye  concentration.  As  io  evident  fro*:  the 
graph,  these  tests  vero  applied  only  to  biologically  intcroctin-  conditions 
of  fluorochreninr;  in  a  neutral  medium,  i.c.,  tc  the  rape  cf  the  r.cncvnlrnt 
c^*e  cation.  Kiphly  acid  or  alkaline  solutions  arc  irrelevant  in  this 
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is  or  Reunified  relative:  to  the  ovh-r.  in  this  din  c oncer,  bra  - 

tica  ran , mv ,  the  visible  color  of  fluorescence  chan -p  3  continuously  fror,  green 
via  crccnich-ycHo*.;,  ycUccr,  yell©;.! rh-orar. ;;o ,  cranio,  reddish  cr-enge  to  red, 
whereas  objective  spectral  observation  discloses  distinct  energy  levels  tnst 
are  concentration  dependent  in  thr.ir  relativity.  The  interval  lvi.;ccr.  mi.:, 
grocn  ar.d  r<-d  band  centers  amounts  to  lS,?50  •  l?,2j?0  *  3,503  cr.fl.  This 
corresponds  to  an  energy  difference  of  almost  exactly  10  heal.  In  absorption 
the  extreme  hand  ocidLma  are  located  at  20,1.00  ard  22,150  cm”-;  this  yields 
-a  difference  of  1,750  cs”l  a  5.0  heal.  Upon  the  fixing  of  a  symmetrical  lino 
(19,600  cu”l)  and  an  analysis  of  the  curves  in  absorpiton  and  fluorescence, 
Xcvscr.in's  mirror  cymct-y  law  la  confirmed  up  to  a  concentration  of  1*10“^ 

,  polar,  but  tho  strongly  widened  absorption  band  at  22,150  cm”-'  aeons  to 
ewe  its  inception  to  the  superinposition  af  two  bands  at  ca.  21,500  -  21,603 
ca”l  and  22 ,b’CO  -  23,000  crfl,  of  which  the  one  with  the  longer  waves  docs 
not  possess  the  corresponding  radiation  probability  in  emission  as  indicated 
by  the  transition  in  absreption.  The  law  ca  symmetry  is  still  not  confirmed 
for  the  red  fluorescont  bar.d  and  can  be  considered  fulfilled  cnly  when 
absorption  bards  with  ever,  shorter  waves  (at  2l*,000  cm”1)  are  present. 

As  nay  be  concluded  from  the  spectroscopic  course  of  the  absorption  curves 
towards  higher  wave  numbers,  such  absorption  bands  of  low  intensity  may  be 
assumed  to  exist.  The  drop  in  intensity  of  the  red  fluorescent  band  observed, 
for  the  tine  being,  only  qualitatively,  indicated  a  considerable  difference 
in  the  two  bands1  intensity  when  compared  to  the  very  vigorous  green  fluorescence 
acre  thus  conforms  to  tho  weal:  bands  suspected  cn  tho  chert  wave  side  and  the 
c  ha  rue  terse  tic  long  wave  ahscrybicn  bar.d.  Tho  connecting  links  between  tho 
t avis  drop  in  absorption  (determined  by  shelling)  from  the  long  uavo  side 
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range  c*  pH  6.0-11,  Ths  types  era  <.'iff;e outi  Iv.o  llusror.otric ally;  the 
neutral  roloculo  fluoresces  vith  a  cent  r  ..  paw ity  ..t  .'.V  ilrt  a 

fcluo-grccn  color,  vtiilo  tho  jrsximsl  fiuor  scarce  of  .he  eye  cviicr.  is  loo.. to,’ 
ir.  the  green  at  0-J0O  Ah’  starting  at  cc-r  a_r.tr  lac.*-  <1-1.1'  -  V. 

results  aro  significant  for  biologic-.!  vit-1  st:.';;!n~  -  '  y-.-. 
probation.  The  eolcrir.ctric  eicscsiation  ccvo  (?..  value  about  1C. 2) 
constructed  by  Hit  el  (1)  in  this  correction  vas  confirmed  arl  c  era  Tees  ively 
established.  Upon  further  srplificsticn  of  acidity*  a  c aeons  1,-  ier  is 
-attached  to  one  of  tho  mxeei-ro;— c  groups,  forming  a  doubly  positive  red 
dye  cation.  Finally,  ths  substituent  N  a  tens  arc  ccrplctcly  charged, 
causing  both  auxcchrcmca  to  be  eliminated  from  resonance  with  the  arenrtic 
nucleus  and  revealing  tho  spectrum  of  tho  substituent-e'rca,  wcahly  yellcv 
acridine  cation. 

Studies  of  the  properties  of  tho  biologically  rclovant  cyo  cation  rovealca 
an  effect  of  concentration  and  temperature  on  the  measured  absorption  curves, 
as  already  fcnovn  in  port  from  various  papers  (25),  especially  those  of 
Scheibl  cn  pscudcisocyanlr.es  and  that  cf  Itabincwitsch  and  Zpstcin  on 
similarly  constituted  za«  thy  lens  blue.  Methylene  'duo  shows  properties  that 
point  to  the  formation  of  dinars  in  ths  tested  concentration  area,  but 
investigations  by  Leals,  Golds  chmid,  'b.ge-1  and  Bigaleisen  (26)  as  well  as 
ViCttcrstaff  sr.J  Lenin  (27)  indicato  tho  cecistar.ce  of  oven  higher  csscciations. 
Tho  pi  grants  examined  by  Cchoibe  shoved  an  equilibrium  be  eve  on  monomeric  and 
dimeric  eye  lore  along  a  wide  range  cf  concentrations,  characterised  by  an 
isosbatic  intersection.  A  riss  in  concentration  induces  an  absnrptior.  band 
with  shorter  waves,  ascribed  to  tie  formation  cf  a  lcc_o,  more  highly  polymerl 
band  cf  tho  eye  cation.  Thu  interesting  gal  marie  fern  cope arc  at  to  too  Icr.- 
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the  indicated  anti-even.!  trie  oscillation  has  a  conversion  .nn„ut  cl  sc.o 
And  therefore  is  optically  inactive.  The  frequency  distribution  due  to 
linhapc  results  in  &  frequency  that  is  hi.jhu?  in  in  cjv-nc tried  ce=i-  .later 
than  in  the  asncscric  cr.3,  raid  a  Lower  f.-ysray  the  1 sever  hi  the 


anti  -syn~.c  t  ric  c 


Letter  for;  of  oscillation  is  prohib¬ 


ited  in  absorption,,  the  direr  can  only  be  c-ryeat-d  tc  yield  a  inert  wave  hand. 

Uhathor  this  interpret-. tion  is  valid  also  for  the  a-ridi:n  crnnpe  cation 
cannot  bo  dirived  directly  fren  11".  2,  since  the  chert  wave  di. eerie  band 
is  teo  ctrcnply  overlapped.  Under  the  asuu  .ption  cf  a  syren  tries  I  drop 
cf  the  primary  bx.i  (CO^lCO  erf-)  toward  the  chert  wave  side,  this  bsnd  has 
been  established  earlier  (’2)  by  peeling  and  its  position  fired  at  rppre:;- 
Lnatoly  21jC0Z  c..”1.  As  already  stated  -L .ashore  in  this  paper,  the  band 
does  no-  represent  an  exclusive  characteristic  cf  the  diner,  since  eras 
oscillator  also  participates  in  the  recncr.cr  a r.d  is  r.orcly  reinforces  upon 
earner  fcrr.ation.  Cn  tho  correspondin'  leap  wave  side,  i.e.  at  19,3-0  cm”1, 
tha  as  yr.p  to  t  ic ally  oriented  absorption  curves  shoe;  crip-  superimposed  bands 
cf  vc ry  low  intensity, essentially  confiminj  the  theory  in  absorption. 

Lipht  absorption  initially  casr^dscs  tho  double  molecule  In  tho  active, 
sysr.etrif-al  fora  of  oscillation,  fron  Uvich  it  changes  into  tho  for.:  with 
lower  frequency  without  emission,  activated  by  uncyrasetrical  nucl  _r 
oscillation  (arjain,  accordinc  to  Forster).  This  process  nust  transpire  with 
extraordinary  rapidity,  since  others;  is  a  it  could  not  counteract  tho  emissions 
fron  the  higher  state,  end  the  abasement  of  fluorescent  intensity  corw.cnciny 
with  CL:..-  iorr.^oi-n  could  net  b_  explained.  From  this  lower  state,  which 
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ibility  of  such  u  conclusion  ar.d  nv-rihut  lh>  nV.  org  V:  on  bund  with  the 
chortsst  waves  to  a  highly  polymeric ,  loose  association  with  &  etvuuturo  c_' 
similar  symmetry.  Provided  the  persistence  cf  the  rolncvlo  in  tha  re  te¬ 
stable  ctata  could  be  extended  under  particularly  fsvcrilla  canSitier.-;,  rn 
emission  fbon  these  levs?  dales  ov-’-.x  n. 
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but  a  phosphorescence  observable  in  tha  ai-crglo.;. 

With  Incroa-ing  concentrations,  the  absorption  spectra  indeed  shew  a 
continuous  change  in  the  position  of  the  band  center  toward  hicJicr  fre¬ 
quencies.  This  displacement  Rust  bo  considered  a  cuporirpcsition  cf 
differsnt  chert  vavo  bands  of  relatively  close  groupment  with  a  continually 
chanrlng  intensity.  The  division  into  tarns  is  cortainly  trivial  due  to  th. 
voak  lirdcago  of  the  individual  electron  oscillators,  resulting  in  a  gradually- 
abating  absorption  without  cigna  of  phasing.  It  eeeaa  important  in  this 
oonnoction  t  at  a  curve  intersection  appears  cn  the  long  wave  Dido,  which 
imitates  an  inc rousing,  concentration-dependent  intensity  of  long-waved, 
veiy  weal  absorption  bonds,  probably  attributable  to  poor  convertibility 
in  those  cotast-blc  states.  This  becomes  clear  under  tha  assumption  that 
the  associative  orientation  is  not  ideal  at  rooa  temperature  and  that 

the  co.  vcno«.tion  of  the  olectric  rnamont  in  tha  case  of  uncymo trie al  oscillation 
ia  not  zero,  but  a  small  Xinito  quality. 

Fluorescenco  spectra  in  tha  concentration  rar.go  1*10*^  to  1*10**^ 


molar  distinctly  chew  tla  energy  levels  to  be  expected  from  tha  expanded 
theory;  their  positions  nay  be  approximated  at  17,500;  16,60C|  15,800; 
15,25-  vnd  Hi, 700  cm  -•  Since  the  levols  are  in  a  distinct  bequance  with 
rising  concentrations,  they  mey  bo  considered  proof  of  difined,  reversible 


to  t-s  ejected  from  tl.j  Motustabi'ity 
visually  in  aquocuc  sciaticas,  tines 


dcr.ctivc.tsd  'ey  thermal  impacts  folic  in,  curs-v.  den  c  .  :'  ’.what:.: 

il  repreo  nts  the  siatorial  derived  to  dote  frc".  rfr„b.-o  o.-yis 
data  in  the  fern  of  a  tcr.r.  dianrar;  for  the.-  r.cr.o....r  a;:u  ii.-c.tr  a-.:  so.  x  ... 


In  order  to  foir.it  relative  comparison,  tils  electron  gr 
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equalised;  in  absolute  considerations,  this  level  drops  ccaiirv.  \;y  c 
association  due  to  the  energy  rain.  The  precise  value  for  dirr_rs  ‘.can 
established  at  5.?  heal  ar.d  should  be  c... pound. d  by  a  similar  quantity  fer 
hirhor  associations.  Tho  arresa  dram  ir.  dip  11  point  up  to  ti-  per.lssdblo 
absorption  cor.vorsicr.s,  dour,  for  the  return  through  ."lucre sccr.ca  to  the 
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conversion  and  the  hr chan  lines  tho  r..r.-c:lscicr.  conversions  by  :._ans  od 
impact  cr  internal  nclecul-r  o.cill-.icn  of  nuclei,  he tvocr.  th.  -round 
ate to  and  the  fir-t  level  of  excitation  there  arc  tho  "me testable"  enory 
states  resulting  free,  the  structural  course  of  fluorescent  intensity, 
entered  according  tc  their  probability  ar.d  cno.gotic  position.  This 
d.  .orrination  is  a  air.  relative,  for  the  Retest. bio  energy  levels  ray 


have  small  intervals  ar.d  the  electron  ground  atat  .nay  bo  f..  thcr  divided 
by  overlapping  nuclear  oscillating  levels,  as  in  tho  case  of  monomers, 
w.eh  a  representation  neh.a  intoiliyibl.  the  distinct  gradation  cf  bnndo 
observed  in  fluorescence,  ;:hich  vere  not  scon  in  cbeorpuion  dee  to  tho  cl  coo 
proximity  of  tho  upper  states. 

It  should  bb  mentioned  ir.  closing  that  rtrug.gr.r’s  assu. artier,  cf  a 
.. -'.u.eibl-,  concentration-dependent  a  olymrizaticn  cf  the  asm:  no  cran  . 
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